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The purpose of this report is to present results from the second Naval Underwater Systems Center project on accelerating flows.
The main objectives of this second project were to investigate the details of the transition process and to validate the transition correlation parameters developed under the first project. The details of the transition process were investigated using the existing 5-cm-diameter test section, but with one axial location supplemented with additional wall shear stress sensors in an effort to detect the propagation of turbulence. Validation of the previously developed transition correlation parameters was accomplished by conducting constant-acceleration experiments on a new and larger 9-cm-diameter test section. Additionally, transition for mean accelerations lower than those tested previously was investigated on the 9-cm-diameter test section. For the present series of experiments, the acrylic test section was fitted with four hot-film wall shear stress sensors positioned near the LDV axial measurement station as shown in figure 2 . The intent of the instrumented acrylic section was to investigate the direction of propagation of the
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a.I. For both the 5-cm-diameter and 9-cm-diameter test sections, care was taken to align adjacent pipe sections to minimize any step at the interface.
For the 9-cm-diameter test section, the control valve section of the flow loop facility also had to be modified. For all test runs conducted under the present project, the control system was programmed to provide constant acceleration from rest, leveling off to a final steady mean velocity, which was sufficiently above the transition velocity so it would not affect transition itself. Mean flow accelerations 2 ranged from 0.2 to 11.15 m/sec . Transition to turbulence was monitored by both the LDV, focused at the centerline of the test section, and the wall shear stress sensors.
The time of transition was obvious in the abrupt change in the value of the measurements at transition.
The LDV system consisted of a 2-watt argon-ion laser with receiving optics configured in a forward-scattering mode. This mode was used to increase the valid data rate from the counter processor to a value between 10,000 and 50,000 samples/sec. Initial tests during the first project showed that the low data rates typical of backscattering techniques (approximately 400 samples/sec) were insufficient to follow the highly transient instantaneous velocities of these experiments. 
RESULTS
In this section of the report, results are presented first for the data collected from the 5-cm-diameter test section and then for the data from the 9-cm-diameter test section. The 9-cm test section results are compared with the 5-cm test section results, which were presented in reference i.
5-CM-DIAMETER TEST SECTION RESULTS
Prior to conducting detailed experiments aimed at investigating the physics of the transition process, an attempt was made to conduct accelerating flow tests from rest for the low acceleration range (<1.81 m/sec 2 ) not tested during the first project. Unfortunately, the control valve was inadequate for providing the very fine control required for these accelerations; a smooth, linear, velocity-versus-time curve was not possible.
However, as will be discussed in the next section, the control system for the 9-cm-diameter test section was able to provide very constant accelerations of At the outset of the present project, a decision was made to limit the investigation to whatever information could be obtained by using only the measurement techniques developed and used during the previous project.
Therefore, the clear acrylic test section was modified to include four hot-film wall shear stress sensors as described in the previous section. The extended region of instability was never observed in any past experiments when the wall shear stress sensors were placed only in the stainless steel sections. It is interesting to note that, unlike transition to turbulence at stations 7, 8, and 9, the time of initial instibility at these stations does not appear to have any axial propagation characteristics.
This tends to reduce the likelihood that the reason for this instability phenomenon in the acrylic section is that the joint between the acrylic and the last steel section acts as a trip. Also, as noted previously, great care was taken to minimize any steps at joints.
Another fact indicating that transition in accelerating flows is not a propagation phenomenon is that the calculated convection velocity of transition from station 6 to 7 is inconsistent with that between stations 7 and 8 since it is 7.8 m/sec or three times higher than that between stations 7 and 8. It(SEC) Figure 11 . xwvs t; X=0.2 rn/sec 
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I~- In reference 1, an attempt was made to develop a correlation parameter for local acceleration, which was the analog of the convective acceleration parameter, K = (v/U 2)(dU/dx), which is commonly used for relaminarization.
The local acceleration parameter that was developed was K a , as given by figure 18 and is shown to follow the trend of the present 9-cm data.
An interesting observation was made for three of the test runs conducted on the 9-cm-diameter test section. As shown in figures 19 and 20 for the accelerations of 1.25 and 7.1 m/sec 2 , respectively, the flow at wall shear stress sensor number 2 tripped to turbulence earlier than expected but then Some local instability is the likely cause for the initial transition.
However, from the limited wall shear stress measurements, it can only be assumed that the reversion back to a laminar type signal is due to the passing of some sort of turbulent puff, which was confined to a relatively short length of the test section. By using the known mean velocity at the beginning and end of the first turbulent region, the puff's length was estimated to be It is unlikely that relaminarization due to the stabilizing effect of the acceleration occurs. Some justification for that statement can be obtained from previous experiments reported in reference i. There, relaminarization
was not observed for an initially low velocity turbulent flow undergoing constant acceleration. This interesting phenomenon would be a good topic for further investigation.
It should be noted that for the three runs that exhibited the two transition points, the t*'s presented earlier were calculated using the time of the final transition point. 
